This study examined quality of life (SF-36), Clinical Knee Society (Function/Knee) score and Oxford Knee score of primary total knee arthroplasty (TKA) patients with persistent fixed flexion deformity (FFD) ≥10° at six months follow-up. Pre-operative and post-operative clinical data of Group 1 (n=95; 0°<FFD<10°), Group 2 (n=39; FFD>10°) and Control (n=209; FFD=0°) were analysed. FFD improvement was maintained in Control and Group 1 at two years while Group 2 demonstrated little change. Flexion decreased at six months before improving at two years post-TKA was noted in all groups. For Control, significant improvements in majority of SF-36's domains except general health were observed. For Groups 1 and 2, significant improvements were observed in SF-36's physical role, physical role functioning, bodily pain, and social role functioning. Vitality improvement was indicated in Group 1 while emotional role functioning was observed in Group 2. Significant improvements in Clinical Knee Society and Oxford Knee scores were also observed in all groups. Multiple regression analysis revealed that preoperative factors such as gender (p=0.035) and pre-operative FFD (p=0.002) were predictors that correlated with FFD improvement. Our results suggested that FFD have significant impact on quality of life and outcome scores and whenever possible, these should be tracked in order to obtain sufficient information for understanding and aiding the recovery of residual FFD patients after TKA.
INTRODUCTION
Flexion contracture or fixed flexion deformity (FFD) of the knee is an important component of the symptomology of knee osteoarthritis. FFD typically involves the contracture of the posterior cruciate ligament, posterior capsule, and hamstring muscles, together with the development of posterior femoral osteophytes 1 . Manifesting in varying degrees, mild FFD is defined as 10° or less, moderate FFD between 10° and 30°, while severe FFD is more than 30°1.
The biomechanical implications of such contracture have been demonstrated by various studies. Perry et al. (1975) reported that stabilising the flexed knee during weight bearing required increased quadriceps force with increasing knee flexion, and this is further exacerbated especially in osteoathritic patients who experienced a loss of extension muscle strength for up to one year post-total knee arthroplasty (TKA) 2 . In addition, Tew and Forster (1987) observed that with a flexed knee stance during weight bearing, the forces are directed on the posterior distal femoral condyles as well as the posterior half of the tibial plateau 3 . The findings from their studies suggested that the increased forces due to FFD on the TKA are detrimental to the implant's long term stability and survival 4 . Hence, one of the primary surgical goals of TKA is the correction of any pre-existing flexion deformity.
With good surgical technique and rehabilitative programmes, most patients are able to achieve full knee extension by three months after surgery. However, some patients continue to have residual flexion deformity despite maximal physiotherapy. While various studies have investigated the range Proceedings of Singapore Healthcare  Volume 22  Number 4  2013 of motion of FFD before and after TKA [4] [5] [6] [7] [8] , none have specifically looked at the quality of life and functional outcome of patients with persistent FFD at six months post-TKA. This study aims to describe the progression of this deformity in these patients for up to two years after surgery, as well as to identify prognostic factors which affected the progression of flexion deformity in these patients.
PATIENTS AND METHODS
Following institutional review board approval, all patients undergoing knee arthroplasty at our institution between January 2004 and December 2007 were enrolled in a computerised database, which served as a local joint registry. Pre-and postoperative TKA clinical data, including alignment, range of motion using an analog transparent plastic goniometer with a measuring arm of 25 cm (Patterson Medical, Bolingbrook) as well as general (Short Form [36] Health Survey [SF-36]) and disease-specific outcomes such as Oxford Knee score and Clinical Knee Society score in each of its two components: Function score and Knee score, were recorded by a senior physiotherapist at preoperative, six months and two years follow-ups in a dedicated diagnostic facility.
Patients who had undergone bilateral knee replacement were excluded from this study. All patients underwent weight bearing as tolerated regime, along with standard outpatient physiotherapy on discharge. The physiotherapy regime includes flexibility and quadriceps strengthening exercises as well as functional retraining of gait without any form of assistance or aid. Continuous passive motion and home physiotherapy were surgeon dependent and on request respectively. A total of 343 patients diagnosed with end stage osteoarthritis were retrospectively considered for this study. From this population, 209 patients with no FFD and 134 patients with FFD≥10° at six months post-surgery were identified as the control and study groups respectively. For statistical analysis purposes, two distinct groups were further identified from the study group of patients with respect to FFD at two years follow-up ( Fig. 1 ). All TKA implants used in this study were posterior stabilised. Among the study groups, no manipulation, additional physiotherapy session or surgery was prescribed for patients with severe contractures. The following factors were investigated for their prognostic importance: age at the time of surgery, gender, body mass index (BMI), specific co-morbidities such as hypertension and diabetes, pre-operative knee alignment (valgus or varus), pre-operative flexion deformity and flexion (range of motion), bearing type (fixed or mobile bearing), and whether the patella was resurfaced.
STATISTICAL ANALYSIS
For all analyses, values of p<0.05 were regarded as significant and when post-hoc analysis was deemed necessary, a Bonferroni correction of p<0.017 was applied. When comparing between groups, Kruskal-Wallis H test was used, and for posthoc analysis, Mann-Whitney U test was employed. For comparisons between time intervals, Friedman test was used, and when required, Wilconxon Signed-Rank test was used in post-hoc analysis. Analysis of factors for prognostic importance was performed using multiple regression. All statistical analyses were performed with SPSS 17.0 (SPSS Inc, Delaware).
RESULTS
Looking collectively at six months and two years post-TKA, the mean FFD of the 134 patients with FFD≥10° at six months post-TKA significantly improved from 13.7° to 5.7° respectively (p<0.001). Closer examination of the two years follow-up data ( Fig. 1 ) revealed that 71% of patients had improved to a FFD<10° while the remaining 29% of patients continued to have FFD≥10°. Table 1 shows the descriptive statistics of the control and study groups' various pre-operative factors as well as post-TKA FFD and flexion.
The overall trend observed in Group 1 was an increase in FFD at six months post-TKA as compared with pre-operative FFD before improving with time at two years post-TKA ( Figure  2A ) (please see overleaf ). For Group 2, there was relatively little change between all time intervals ( Figure 2A ) (please see overleaf ). Control group demonstrated successful FFD correction to 0° and this was maintained at two years post-TKA ( Figure  2A ). Comparison of Control group's time intervals revealed significant differences and post-hoc analyses revealed that differences were observed between pre-operative and six month post-TKA (p<0.001) as well as between pre-operative and two years post-TKA (p<0.001).
Significant difference was also observed in Group 1's time intervals and post-hoc analyses revealed all time intervals were significantly different when compared with pre-operative (six months: p=0.003; two years: p<0.001). As for Group 2, no difference between the time intervals was observed when compared with pre-operative. Analysis of respective time intervals between all groups showed that there were significant differences when cross compared ( Table 2 ) (please see overleaf ).
Before surgery, the mean knee flexion for Control, Group 1 and Group 2 were 116.6°, 114.1°, and 117.7° respectively (Table 1) . For all three groups, mean knee flexion decreased during the six months post-TKA before improving at two years follow-up ( Figure 2B ). Analysis of Control group's time intervals indicated significant difference when compared between pre-operative and two years post-TKA (p<0.001). Significant differences were only observed between pre-operative and six months post-TKA in Group 1 (p<0.001) and Group 2 (p<0.001). Examination of pre-operative flexion between all groups demonstrated no difference. At respective six months and two years post-TKA, significant differences were observed between Control and Group 1 as well as Control and Group 2 ( Table 2 ) (please see overleaf ).
Statistical analyses of Control, Groups 1 and 2 preoperative SF-36, Clinical Knee Society and Oxford Knee scores indicated no significant differences. When comparing between pre-operative and six months post-TKA, significant improvements were observed in Group 1's SF-36's physical functioning (p<0.001), physical role functioning (p<0.001), bodily pain (p<0.001), vitality (p=0.003) and social role functioning (p<0.001). Comparing between pre-operative and two years post-TKA, significant improvement were observed in physical functioning (p<0.001), physical role functioning (p<0.001), bodily pain (p<0.001), vitality (p<0.001), and social role functioning (p<0.001).
When comparing between pre-operative and six months post-TKA, significant improvements were observed in Group 2's SF-36's physical functioning (p<0.001), physical role functioning (p<0.001), bodily pain (p<0.001), social role functioning (p=0.004), and emotional role functioning (p=0.002). Comparing between pre-operative and two years post-TKA, significant improvement were observed in physical functioning (p<0.001), physical role functioning (p<0.001), bodily pain Analysing the Knee Function scores between preoperative and six months revealed significant improvement over baseline for all groups (Control: p<0.001; Group 1: p<0.001; Group 2: p<0.001). Similar significant improvements were also observed when comparing between pre-operative and two years post-TKA (Control: p<0.001; Group 1: p<0.001; Group 2: p<0.001). Analysing the Knee scores between pre-operative and six months revealed significant improvement over baseline for all groups (Control: p<0.001; Group 1: p<0.001; Group 2: p<0.001). Similar significant improvements were also observed when comparing between pre-operative and two years post-TKA (Control: p<0.001; Group 1: p<0.001; Group 2: p<0.001).
Comparing between Control, Groups 1 and 2 at six months post-TKA indicated significant differences in Knee Function (p=0.006) and Knee (p<0.001) scores. Post-hoc analyses revealed that for Knee Function score, the differences were between Control and Group 1 (p=0.015) and Control and Group 2 (p=0.01). For Knee score, significant differences between Control and Group 1 (p=0.002) and Control and Group 2 (p<0.001) were again observed.
Comparing between Control, Groups 1 and 2 at two years post-TKA indicated significant differences in Knee Function (p<0.001) and Knee (p<0.001) scores. Post-hoc analyses revealed that for Knee Function score, the differences were between Groups 1 and 2 (p=0.002) and Control and Group 2 (p<0.001). For Knee score, significant differences between Groups 1 and 2 (p<0.001) and Control and Group 2 (p<0.001) were likewise noted.
Analysing the Oxford Knee scores between preoperative and six months revealed significant improvement over baseline for all groups (Control: p<0.001; Group 1: p<0.001; Group 2: p<0.001). Similar significant improvement were also observed when comparing between pre-operative and two years post-TKA (Control: p<0.001; Group 1: p<0.001; Group 2: p<0.001).
Comparing between Control, Groups 1 and 2 at six months post-TKA indicated significant differences in Oxford Knee score (p=0.018). Post-hoc analysis showed that the difference was only between Control and Group 2 (p=0.013). Comparing between Control, Groups 1 and 2 at two years post-TKA also demonstrated significant differences in Oxford Knee score (p=0.011). Subsequent posthoc analyses indicated that significant differences existed between Groups 1 and 2 (p=0.009) and Control and Group 2 (p=0.003).
When FFD at two years post-TKA was predicted, it was observed that gender (B=3.44, p=0.035) and pre-operative FFD (B=4.34, p=0.002) to be significant predictors. All other predictors such as age at the time of surgery, BMI, specific comorbidities such as hypertension and diabetes, pre-operative knee alignment (valgus or varus), flexion (range of motion), bearing type (fixed or mobile bearing), and whether the patella was resurfaced were not significant (Table 4) .
DISCUSSION
Many studies have focused on identifying factors which determine range of motion following TKA, but few have examined the quality of life and functional outcomes of patients who continue to present with residual flexion deformity following an otherwise successful knee replacement 9, 10 . In this study, the progression of 134 unilateral TKA patients with persistent FFD of more than 10° at six months post-surgery and their improvement as well as quality of life outcome for up to two years post-surgery were successfully tracked and analysed.
The significant improvement of 134 patients with moderate FFD by two year post-TKA in this study was similar to other reported investigations. Tanzer and Miller (1989) observed that the degree of flexion contracture has improved from 14.8° at post-operation to 2.9° at the final follow-up evaluation 6 . In a study of a longer follow-up at five years, Cheng et al. (2007) also reported continued improvement of FFD to 2° at five years post-TKA 11 . In another study by McPherson et al. (1994) , they tracked 29 patients whose pre-existing flexion deformity was not completely corrected following knee arthroplasty, and noted that the flexion deformity tended to improve over time 4 . They were unable to identify any specific factors which affected either the rate or extent of recovery of extension in these patients.
Dividing the 134 patients in this study into two groups of less than 10° (Group 1) or more than 10° (Group 2) residual flexion contracture at two years allowed us to track and investigate their relative FFD progression. Interpreting Tanzer and Miller's (1989) flexion contracture data in patients grouped by post-TKA values revealed an improvement of 78% which is similar to our study 6 . Additionally, examining the overall trend in the FFD progression of Group 1 and Group 2 patients yielded the same trend as observed by Aderinto et al. (2005) 12 .
Most literature have reported a range of motion, amount of FFD, and disease-specific scores such as Oxford Knee score and Clinical Knee Society score when studying knee flexion contracture after TKA. As far as we know, this current study was the first to include the quality of life scores when assessing TKA patients with persistent FFD at six months postsurgery. As in the goal of all medical treatments, apart from preserving function and well-being 13 , it is also important that the patient can be "effective" in getting back to their normal life and activities in order to continue with recovery after surgery. While range of motion, amount of FFD, and diseasespecific scores mostly inform the clinician how well the patients are physically faring after TKA, these outcomes may not necessarily communicate how "effective" the patients are in their daily life after surgery. The SF-36 instrument allows the clinician to track the "effectiveness" of TKA patients. These data can in turn be useful especially in patients with residual FFD in identifying and addressing concerns that may affect their physical well-being and recovery and which was not picked up from range of motion, amount of FFD, and diseasespecific scores. In addition, it has been reported that SF-36 is a more responsive measure of outcome of TKA as compared to the Clinical Knee Society score 14 . Similarly, Whitehouse et al. (2005) reported that due to the complex multiple and inter-related nature of many patients' problems, the Oxford Knee Score is inadequate in covering these factors in terms of scope and sophistication 15 . They recommended that in order to obtain sufficient information, concurrent use of other instruments together with this scale is warranted 15 .
While a similar study was carried out by Guan et al. (2006) , direct comparison cannot be made as their study population consisted of unilateral and bilateral TKAs, in addition, the cohort was separated into two groups of either FFD<20° or FFD>20°1 6 .
In addition, this current study also included the Oxford Knee score which Guan and colleagues did not employ.
Our findings from the multiple regression analysis which showed that female gender is one of the correlating factor for FFD improvement was in agreement with Harvey et al. (1993) 17 . In their work, they observed that males presented significantly worse pre-operative deformities and less improvement in FFD after TKA 17 . A Chi-square test was further performed and revealed that there was no statistically significant association between gender and FFD improvement (p=0.1). Thus, our findings from the multiple regressions should be treated with caution and further investigation using matched pair analysis may be necessary. A Proceedings of Singapore Healthcare  Volume 22  Number 4  2013 smaller pre-operative FFD of less than 10° was the other correlating factor for FFD improvement and this is relatively similar to observations made by Aderinto et al. (2005) who noted that pre-operative FFD is a predictor of post-TKA FFD 12 .
The inclusion of a homogenous population of osteoarthritic patients in this study does not allow us to establish if there is any link between different types of diseases (rheumatoid arthritis, osteonecrosis, etc.) and its effect on the amount of FFD observed at two years. Notwithstanding, Ritter et al. (2003) reported that common diagnoses such as osteoarthritis, osteonecrosis, and rheumatoid arthritis do not influence the amount of post-TKA flexion 8 . Interestingly, Skolnik et al. (1976) observed in their study that there was greater improvement in FFD in rheumatoid arthritic patients than in osteoarthritic patients 18 . The conflicting findings of these authors suggest that a more robust study of the common knee diseases that are treated with TKA and their effect on FFD is required.
In this study, we identified all patients who had persistent FFD ≥ 10° at six months following knee replacement, regardless of their pre-operative FFD status. The majority of patients still presenting with significant FFD at six months after TKA will improve to an FFD < 5° by two years. This improvement is associated with improvements in quality of life and knee outcome scores. The employment of SF-36 instrument is useful in tracking the TKA patient's quality of life. Factors that correlated with poor FFD recovery included male gender and larger FFD angles (>20°). In conclusion, FFD has a significant impact on the quality of life and outcome scores and whenever possible, these should be tracked in order to obtain sufficient information for understanding and aiding the recovery of residual FFD patients after TKA.
